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DUCT FASTSEAM 
CROSS REFERENCE TO RELATED APPLICATIONS 



[oooi] This application claims the benefit of U.S. Provisional Application Serial 
No. 60/412,740, filed on September 23, 2002, herein incorporated by reference 
in its entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates in general to a duct fastseam, and deals more 
particularly with a duct fastseam which may be easily assembled by hand. 

BACKGROUND OF THE INVENTION 

[00031 Rectangular or box-shaped ducts are extensively utilized in heating and 
ventilating systems to distribute heated or cooled air throughout a structure. 
These ducts are commonly formed from differing gauges of sheet metal in 
sections of predetermined lengths which are then connected to one another to 
form a continuous duct for distributing air. 

[0004] Typically, each section of duct is formed by bending two pieces of sheet 
metal of the desired length at a 90° angle. One edge of each piece is formed to 
include a longitudinally extending groove, forming thereby the female portion 
of the seam, while the other longitudinal edge of each piece is bent over along its 
length to form thereby the male portion of the seam. The two pieces are then 
assembled by inserting the male portion of each piece into the female portion, 
leaving an edge extending beyond the joint from the female portion. This 
extended edge must then be bent over to lock the seam. This seam is known in 
the industry as a 'Pittsburgh 1 lock or seam. 

looo5] While these known duct systems are successful to a degree, they suffer 
from several logistical problems. Firstly, the insertion of the male portion into 
the female portion of the seam requires a great deal of force due to the tight 
dimensional constraints of the formed female end. To accomplish this goal, 
operators must force the male end into the female end, typically utilizing a 
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hammer or the like. Likewise, the extended edge of the female portion must also 
be hammered over in order to lock the seam closed. These hammering 
operations are highly labor intensive and quite loud, oftentimes requiring ear 
protection for the operators who assemble the finished duct work. Moreover, 
the time and effort extended on hammering the male portion into the female 
portion, and then hammering the extended edge of the female portion over to 
seal the seam, can substantially increase the time and expense of any duct 
fabrication and installation job, typically by as much as 50% or more. 

[0006] With the forgoing problems and concerns in mind, it is the general object 
of the present invention to provide a duct fastseam which overcomes the above- 
described drawbacks while maximizing effectiveness and flexibility in the 
assembling process. 

SUMMARY OF THE INVENTION 

[ooo7] It is an object of the present invention to provide a duct fastseam. 

[0008] It is another object of the present invention to provide a duct fastseam 
that may significantly reduce the assembly time of ductwork. 

[0009] It is another object of the present invention to provide a duct fastseam 
which may significantly reduce the noise associated with assembling duct work. 

[ooio] It is another object of the present invention to provide a duct fastseam 
that may be fitted together manually, without tooling. 

[ooii] It is another object of the present invention to provide a duct fastseam 
that may be easily fitted together by hand. 

[0012] It is another object of the present invention to provide a duct fastseam 
that is capable of maintaining the duct in a substantially square condition even 
when the fastseam has yet to be completely sealed. 
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[ooi3] It is another object of the present invention to provide a duct fastseam 
that may be completely sealed by a sealing apparatus employing only a single 
roller. 

[ooi4] It is another object of the present invention to provide a duct fastseam 
that resembles a known Pittsburgh seam when completely sealed. 

[oois] These and other objectives of the present invention, and their preferred 
embodiments, shall become clear by consideration of the specification, claims 
and drawings taken as a whole. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ooi6] Figure 1 is a cross-sectional view of a known duct seam. 

[0017] Figure 2 is a cross-sectional view of the female end of a duct fastseam, 
according to a first embodiment of the present invention. 

[oois] Figure 3 is a cross-sectional view of the male end of the duct fastseam as it 
is being inserted into the female end illustrated in Figure 2. 

[0019] Figure 4 is a cross-sectional view of the male end of the duct fastseam 
after it is inserted into the female end illustrated in Figure 2. 

[0020] Figure 5 is a cross-sectional view of the female end of a duct fastseam, 
according to another embodiment of the present invention. 

[oo2i] Figure 6 is a cross-sectional view of the male end of a duct fastseam as it 
is being inserted into the female end illustrated in Figure 5. 

[0022] Figure 7 is a cross-sectional view of the male end of the duct seam after it 
is inserted into the female end illustrated in Figure 5. 

[0023] Figure 8 is a cross-sectional view of the male end of a duct fastseam as it 
is being inserted into the female end, according to another embodiment of the 
present invention. 
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[0024] Figure 9 is a cross-sectional view of the male end of the duct seam after it 
is inserted into the female end illustrated of Figure 8. 

[oo25] Figure 10 is a cross-sectional view of the male end of the duct seam after it 
is inserted into the female end of the duct seam, according to another 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0026] Figure 1 illustrates a cross-sectional view of know duct seam 10, 
commonly referred to in the field as a 'Pittsburgh' seam. As shown in Figure 1, 
the seam 10 includes a female portion 12 which is formed by repetitively 
bending, or roll forming, the duct material, typically sheet metal or the like, so as 
to form three substantially parallel folds 14. The folds 14 serve to define a 
female groove 16, wherein one of the folds 14 preliminarily extends beyond the 
duct edge to establish a sealing portion 18, 

[0027] The seam 10 further includes a longitudinal section of the duct wall 20 
which is bent at a substantially right angle to form a male portion 22. As will be 
appreciated, the male portion 22 is sized for tight fitting within the female 
groove 16 of the female portion 12 when fully assembled. 

[0028] In operation, the male portion 22 of the seam 10 is initially fitted into the 
female groove 16 when the sealing portion 18 remains in its unsealed position, 
as represented by the dashed lines in Figure 1. 

[0029] Once the male portion 22 has been inserted into the female groove 16, the 
sealing portion 18 must then be hammered or otherwise bent down, in the 
direction of the arrow A, against the duct wall 20 in order to complete the 
sealing of the seam 10. The hammering over of the sealing portion 18 is typically 
accomplished either manually, or with the use of a pneumatic hammer or the 
like. It will be readily appreciated that the hammering of the male portion 22 
and the sealing portion 18 is highly time consuming and oftentimes noisy to the 
point of being injurious to the ears of the operators who are assembling the seam 
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10. It should additionally be noted that prior to the sealing portion 18 being 
hammered-over to complete the sealing process, the seam 10 is incapable of 
maintaining a substantially square condition. That is, without being completely 
sealed, the male portion 22 of the seam 10 will disengage from the female groove 
16 and cause thereby the seam 10 to lose its structural form. 

10030] In contrast, Figure 2 illustrates one half of a fastseam 100 which is capable 
of maintaining its structural form, even when the sealing process is not yet 
completed, according to one embodiment of the present invention. As depicted 
in Figure 2, the fastseam 100 includes a female portion 102 that is formed by 
longitudinally bending, or roll forming, a plane of duct material so as to form a 
hemmed ridge 104 and a female groove 106. 

[oo3i] The duct wall 108 is initially bent inwards, that is, towards what will 
eventually become the interior of the finished duct, to form the first fold 110 of 
the hemmed ridge 104. The first fold 110 is then bent back upon itself in a non- 
parallel manner to form a second fold 112 of the hemmed ridge 104. The plane 
of the second fold 112 is then broken in the area adjacent the break point 114 of 
the first fold 110, to form a third fold 116 which extends a predetermined 
distance substantially parallel to, and in close association with, the plane of the 
duct wall 108. 

[0032] The third fold 116 is bent outwards, that is, away from the duct wall 108, 
and back upon itself to form a fourth fold 118 extending substantially parallel to 
the duct wall 108. As depicted in Figure 2, the female groove 106 defined 
between the third fold 116 and the fourth fold 118 is dimensioned to be slightly 
larger than the thickness of the duct material utilized in the formation of a male 
portion of the fastseam 100, as will be described in more detail later. 

[0033] The fourth fold 118 includes a sealing portion 120, which is bent 
transverse to the female groove 106 prior to an unillustrated male portion being 
inserted into the female groove 106. The sealing portion 120 may then be further 
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bent in the direction of arrow B in order to completely seal the fastseam 100 
when the unillustrated male portion is inserted into the female groove 106. 

[0034] Turning to Figure 3, the fastseam 100 further includes a longitudinal 
section of a matching duct wall 122 which is bent at a substantially right angle to 
form a male portion 124. The male portion 124 may then be inserted into the 
female groove 106 of the female portion 102 in the general direction of arrow C. 
The male portion 124 is the equivalent of the male portion 22 discussed in 
conjunction with Figure 1. 

[00351 It is therefore an important aspect of the present invention that the 
hemmed ridge 104 and the sealing portion 120 are formed at the proper angles 
in order to permit the insertion of the male portion 124 into the female groove 
106 without the use of a hammer or the like. That is, during assembly, the walls 
of the rectangular duct are slightly deformed, with respect to one another, from 
a square condition to a parallelogram condition to allow the male portion 124 to 
be eased into the female groove 106 without the use of any tools. Moreover, in 
contrast with the commonly known Pittsburgh seam illustrated in Figure 1, the 
angles at which the hemmed ridge 104 and the sealing portion 120 are formed, 
effectively prevent the male portion 124 from disengaging from the female 
groove 106 once the two have been fitted together. 

[0036] It is envisioned that the hemmed angle a is formed preferable between 10 
to 60 degrees, and more preferably is formed at approximately 30 degrees. 
Moreover, the sealing angle g is envisioned to be formed most preferably 
between 45 and 60 degrees. It will be readily appreciated that hemmed angle a 
and sealing angle g work in conjunction with one another to permit enough 
clearance in the female portion 102 to allow the male portion 124 to be position 
in the female groove 106 with a minimum amount of applied force, while also 
preventing the male portion 124 from disengaging from the female groove 106 
after being positioned therein. 
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[oo37] It will further be appreciated that the relationship between the hemmed 
angle a and sealing angle J3 is such that they are generally inversely proportional 
to one another, wherein when, for example, the hemmed angle a is increased, 
the sealing angle g may be correspondingly decreased. Regardless of the 
specific angles utilized by the hemmed angle a and sealing angle g, the primary 
consideration is to ensure enough dimensional clearance to permit the male 
portion 124 to be inserted into the female groove 106 without the use of 
hammers or other tools, as previously mentioned. 

[0038] It should also be noted that another important consideration does exist, 
however, regarding the magnitude of the sealing angle J3. As has been discussed 
previously, the sealing portion 120 must be bent over in order to finish the 
sealing process of the fastseam 100. Towards this end, it will be readily apparent 
that the larger the sealing angle ]3 is, the easier it will be to bend the sealing 
portion 120 to its sealed position. Likewise, the smaller the sealing angle ]3 is, 
the more effort will be required to bend the sealing portion 120 to its sealed 
position. 

[0039] It is therefore another important aspect of the present invention that the 
fastseam 100 includes a partially 'hammered-over' sealing portion 120. That is, 
by forming the female portion 102 to include a sealing portion 120 which is 
inclined at the sealing angle ji, the present invention makes the subsequent 
sealing process of the ductwork much easier, quieter and less labor intensive, 
even if tradition hammering is later employed for this purpose. The present 
invention, however, effectively removes the necessity for any hammering, 
manual or pneumatic, to complete the sealing process and instead enables the 
use of a single-roller sealing apparatus to be employed for this purpose. 

[0040] Figure 4 illustrates the condition of the fastseam 100 after the male 
portion 124 has been hand-inserted into the female groove 106. As shown in 
Figure 4, it is another important aspect of the present invention that once the 
male portion 124 is located in the female groove 106 and the walls of the 
rectangular duct are relaxed with respect to one another, back to their original 
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square condition, that the configuration of the fastseam 100 prevents the 
disengagement of the male portion 124, even when the sealing portion 120 has 
not yet been completely bent over to complete the sealing process. 

[0041] For the purposes of this invention, a square condition' refers to the 
condition in which there exists a substantially perpendicular relationship 
between the duct wall 122 and the duct wall 126. Likewise, a 'parallelogram 
condition' refers to the condition in which the duct wall 122 and the duct wall 
126 have been forced, temporarily, into an orientation in which there does not 
exist a substantially perpendicular relationship between the duct wall 122 and 
the duct wall 126, as shown in Figure 3. 

[0042] Returning to Figure 4, the ability of the fastseam 100 to prevent the 
disengagement of the male portion 124 from the female groove 106, once the 
fastseam is relaxed into its square condition, provides many inherent 
advantages. Not only can the fastseam 100 be initially assembled by hand, 
without the use of hammers or the like, but once assembled, the fastseam 100 
maintains its structural integrity until it can be completely sealed by bending the 
sealing portion 120 in the general direction of arrow D via a single roller sealing 
apparatus, as discussed previously. Moreover, the present invention provides a 
less cumbersome and more streamlined assembly process on the whole, 
especially as the partially assembled ducts may be easily handled without 
coming apart despite not being completely sealed. 

[0043] Figure 5 illustrates one half of a fastseam 200 which also does not require 
the use of a hammer or the like during its initial assembly, according to another 
embodiment of the present invention. As depicted in Figure 5, the fastseam 200 
includes a female portion 202 which is formed by repetitively bending, or roll 
forming, the duct material, typically sheet metal or the like, back upon itself so 
as to form an open fold 204. The open fold 204, in association with a 
substantially parallel fold 208, serves to define a female groove 206, wherein the 
open fold 204 includes a sealing portion/fold 220 bent at an angle to the open 
fold 204 prior to a male portion of the fastseam being inserted into the female 
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groove 206. The sealing portion 206 may then be bent in the direction of arrow E 
in order to completely seal the fastseam 200 after the unillustrated male portion 
is inserted into the female groove 206. 

[0044] It will be readily appreciated that by forming the sealing portion /fold 220 
to be bent at an angle to the open fold 204 prior to a male portion of the fastseam 
being inserted into the female groove 206, in contrast to the configuration of 
known Pittsburgh seams, the present invention ensures that the male portion of 
the fastseam may remain partially secured within the female groove 206 even 
prior to the sealing portion/fold 220 being completely sealed by a roller or the 
like. 

[0045] As depicted in Figure 5, the female groove 206 defined between the open 
fold 204 and the parallel fold 208 is dimensioned to be slightly larger than the 
thickness of the duct material utilized in the formation of a male portion of the 
fastseam 200, as will be described in more detail later. 

[0046] Turning to Figure 6, the fastseam 200 further includes a longitudinal 
section of a matching duct wall 222 which is bent at a substantially right angle to 
form a male portion 224. The male portion 224 may then be inserted into the 
female groove 206 of the female portion 202 in the general direction of arrow E. 

[0047] It is therefore an important aspect of the present invention that, similar to 
the embodiment disclosed in Figures 2-4, the open fold 204 and the sealing 
portion 220 are formed at the proper angles in order to permit the insertion of 
the male portion 224 into the female groove 206 without the use of a hammer or 
the like. That is, during assembly, the walls of the rectangular duct are slightly 
deformed, with respect to one another, from a square condition to a 
parallelogram condition to allow the male portion 224 to be eased into the 
female groove 206 without the use of any tools. 

[0048] It is envisioned that the open angle (j) be formed preferable between 10 to 
30 degrees, and more preferably to be formed at approximately 20 degrees from 
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the parallel plane defined by the parallel fold 208. Moreover, the sealing angle co 
is envisioned to be formed most preferably between 45 and 60 degrees. It will be 
readily appreciated that the open angle (j) and sealing angle co work in 
conjunction with one another to permit enough clearance in the female portion 
202 to allow the male portion 224 to be position in the female groove 206 with a 
minimum amount of applied force. 

[0049] It will further be appreciated that the relationship between the open angle 
(j) and sealing angle co is such that they are generally proportional to one another, 
wherein when, for example, the open angle £ is increased, the sealing angle to 
may also be correspondingly increased. Regardless of the specific angles 
utilized by the open angle (j) and sealing angle co, the primary consideration is to 
ensure enough dimensional clearance to permit the male portion 224 to be 
inserted into the female groove 206 without the use of hammers or other tools, 
as previously mentioned. 

[ooso] It should also be noted that another important consideration does exist, 
however, regarding the magnitude of the sealing angle co. As has been 
discussed previously, the sealing portion 220 must be bent over in order to finish 
the sealing process of the fastseam 200. Towards this end, it will be readily 
apparent that the larger the sealing angle co is, the easier it will be to bend the 
sealing portion 220 to its sealed position. Likewise, the smaller the sealing angle 
co is, the more effort will be required to bend the sealing portion 220 to its sealed 
position. By forming the female portion 202 to include a sealing portion 220 
which is already inclined at the sealing angle co, another important aspect of the 
present invention is also realized. That is, the sealing portion 220 makes the 
subsequent sealing process of the ductwork much easier, quieter and less labor 
intensive, even if tradition hammering is later employed for this purpose. 

[oosi] As mentioned previously in conjunction with the embodiment illustrated 
in Figures 2-4, the inclined orientation of the sealing portion 220 effectively 
removes the necessity for any hammering, manual or pneumatic, to complete 
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the sealing process of the fastseam 200 and instead enables the use of a single- 
roller sealing apparatus to be employed for this purpose. 

[0052] Figure 7 illustrates the condition of the fastseam 200 after the male 
portion 224 has been hand-inserted into the female groove 206. As shown in 
Figure 7, it is another important aspect of the present invention that once the 
male portion 224 is located in the female groove 206 and the walls of the 
rectangular duct are relaxed, with respect to one another, back to their original 
square condition, that the configuration of the fastseam 200 prevents the 
disengagement of the male portion 224, even when the sealing portion 220 has 
not yet been bent over to complete the sealing process. 

[0053] As discussed previously, the ability of the fastseam 200 to prevent the 
disengagement of the male portion 224 from the female groove 206, once the 
fastseam is relaxed into its square condition, provides many inherent 
advantages. Not only can the fastseam 200 be initially assembled by hand, 
without the use of hammers or the like, but once assembled, the fastseam 200 
maintains its structural integrity until it can be completely sealed by bending the 
sealing portion 220 in the general direction of arrow G via a single roller sealing 
apparatus, as discussed previously. Moreover, the present invention provides a 
less cumbersome and more streamlined assembly process on the whole, 
especially as the partially assembled duct may be easily handled without 
coming apart despite not being completely sealed, similar to the embodiment 
discussed in conjunction with Figures 2-4. 

[0054] Figures 8 and 9 illustrate yet another embodiment of the present 
invention. As depicted in Figure 8, the fastseam 300 includes a female portion 
302 that is formed by longitudinally bending, or roll forming, a plane of duct 
material so as to form a hemmed ridge 304 and a female groove 306. 

[0055] The duct wall 308 is initially bent inwards, that is, towards what will 
eventually become the interior of the finished duct, to form the first fold 310 of 
the hemmed ridge 304. The first fold 310 is then bent back upon itself in a 
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parallel manner to form a second fold 312 of the hemmed ridge 304. The 
hemmed ridge 304 is therefore inwardly formed to be substantially 
perpendicular to the duct wall 308. The second fold 112 continues until it is 
broken at a break point 313 which lies approximately in the plane defining the 
exterior wall of the duct wall 308. A third fold 316 extends a predetermined 
distance from the break point 313 at an open angle as measured from the 
plane defining the exterior wall of the duct wall 308. 

[0056] The third fold 316 is itself bent inwards at a sealing angle X to form a 
fourth fold 318, ending in a substantially perpendicularly formed sealing portion 
320. The sealing portion 320 will be bent in the direction of arrow I in order to 
seal the fastseam 300 when the male portion 324 has been inserted into the 
female groove 306 in the general direction of arrow H. 

[0057] It is therefore an important aspect of the present invention that, similar to 
the embodiments disclosed in Figures 2-7, the open angle x an d the sealing angle 
X are formed so as to permit the insertion of the male portion 324 into the female 
groove 306 without the use of a hammer or the like. That is, during assembly, 
the walls of the rectangular duct are slightly deformed, with respect to one 
another, from a square condition to a parallelogram condition to allow the male 
portion 324 to be eased into the female groove 306 without the use of any tools. 

[0058] It is envisioned that the open angle yjs formed preferable between 5 to 45 
degrees, and more preferably is formed at approximately 20 degrees from the 
plane defining the exterior of the duct wall 308. Moreover, the sealing angle X is 
envisioned to be formed most preferably between 30 and 60 degrees, and more 
preferably is formed at approximately 45 degrees. It will be readily appreciated 
that the open angle y and sealing angle X work in conjunction with one another 
to permit enough clearance in the female portion 302 to allow the male portion 
324 to be position in the female groove 306 with a minimum amount of applied 
force. 
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10059] It will further be appreciated that the relationship between the open angle 
j and sealing angle X is such that they are generally inversely proportional to 
one another, wherein when, for example, the open angle % is increased, the 
sealing angle X may also be correspondingly decreased. Regardless of the 
specific angles utilized by the open angle J and sealing angle X, the primary 
consideration is to ensure enough dimensional clearance to permit the male 
portion 324 to be inserted into the female groove 306 without the use of 
hammers or other tools, as previously mentioned. 

[oo6o] It is another important aspect of the present invention that once the male 
portion 324 is located in the female groove 306 and the walls of the rectangular 
duct are relaxed, with respect to one another, back to their original square 
condition, that the configuration of the fastseam 300 prevents the disengagement 
of the male portion 324, even when the sealing portion 320 has not yet been bent 
over to complete the sealing process. 

[006U As discussed previously, the ability of the fastseam 300 to prevent the 
disengagement of the male portion 324 from the female groove 306, once the 
fastseam is relaxed into its square condition, provides many inherent 
advantages. Not only can the fastseam 300 be initially assembled by hand, 
without the use of hammers or the like, but once assembled, the fastseam 300 
maintains its structural integrity until it can be completely sealed by bending the 
sealing portion 320 in the general direction of arrow H via a single roller sealing 
apparatus, as discussed previously. Moreover, the present invention provides a 
less cumbersome and more streamlined assembly process on the whole, 
especially as the partially assembled duct may be easily handled without 
coming apart despite not being completely sealed, similar to the embodiment 
discussed in conjunction with Figures 2-7. 

[0062] It should also be noted that another important consideration does exist, 
however, regarding the magnitude of the sealing angle X, As has been discussed 
previously, the sealing portion 320 must be bent over in order to finish the 
sealing process of the fastseam 300. Towards this end, it will be readily apparent 
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that the smaller the sealing angle X is, the easier it will be to bend the sealing 
portion 320 to its sealed position. Likewise, the larger the sealing angle X is, the 
more effort will be required to bend the sealing portion 320 to its sealed position. 

[0063] As mentioned previously in conjunction with the embodiment illustrated 
in Figures 2-7, the inclined orientation of the sealing portion 320 effectively 
removes the necessity for any hammering, manual or pneumatic, to complete 
the sealing process of the fastseam 300 and instead enables the use of a single- 
roller sealing apparatus to be employed for this purpose. 

10064] Figure 9 illustrates the condition of the fastseam 300 after the male 
portion 324 has been hand-inserted into the female groove 306 and the sealing 
portion 320 has been bent over to complete the sealing process. 

[0065] Figure 10 illustrates the condition of a fastseam 400 according to yet 
another embodiment of the present invention. As shown in Figure 10, the 
fastseam 400 includes a first fold 402 bent to extend inwardly and substantially 
perpendicular to the duct wall 404, a second fold 406 bent to extend in a 
direction substantially parallel to said duct wall 404, a third fold 408 bent back 
upon the second fold 406, and a fourth fold 410 bent at an open angle n from the 
third fold 408 and defining thereby a female groove 412 for accommodating a 
male portion 414 therein. 

[0066] As is also seen in Figure 10, a sealing portion 416 is bent transverse to the 
female groove 412 prior to the male portion 414 being inserted into the female 
groove 412. Moreover, according to a preferred embodiment of the present 
invention, the open angle n is preferably between 10 to 60 degrees. 

[oo67i As will be appreciated by consideration of the embodiments illustrated in 
Figures 2-10, the present invention provides a fastseam for ducts having a 
heretofore unknown ease and flexibility of assembly. Moreover, the fastseam of 
the present invention also advantageously promotes a quicker initial assembly 
of the ductwork without requiring that the fastseam be completely sealed in 
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order to maintain the substantially square condition of the ductwork. Another 
inherent benefit of the present invention resides in the ability of the fastseam to 
closely and substantially resemble the configuration of a completely sealed 
Pittsburgh seam, an industry standard. The further ability of the present 
invention to be sealed by a single roller sealing apparatus, rather than requiring 
labor intensive and loud hammering, is also of substantial benefit as compared 
to prior art seams. 

[0068] While the invention has been described with reference to the preferred 
embodiments, it will be understood by those skilled in the art that various 
obvious changes may be made, and equivalents may be substituted for elements 
thereof, without departing from the essential scope of the present invention. 
Therefore, it is intended that the invention not be limited to the particular 
embodiments disclosed, but that the invention includes all equivalent 
embodiments. 



